We report 1.87 lm photometry and astrometry of the inner satellites (Proteus, Larissa, Galatea, and Despina) and ring arcs of Neptune, obtained with the Hubble Space Telescope and its near-infrared camera NICMOS. From comparison with the Voyager data obtained at visible wavelengths, the small bodies orbiting within the ring region of Neptune have a near-infrared albedo consistently low, but higher than at visible wavelengths for most of the satellites, ranging from p 1.87 lm = 0.058 (Despina) to p 1.87 lm = 0.094 (Proteus). The ring arcs display a reddish spectral response similar to the satellites' in the 0.5-1.9 lm wavelength range. If we consider an earlier photometric measurement of Proteus obtained at K band, the satellite's albedo shows a depression at 2.2 lm that could be the first spectral evidence for the presence of C"H or C‰ N bearing material on its surface. Although astrometry of the inner moons of Neptune yields positions consistent with the predictions derived from Voyager images, the long time base between the Voyager and NICMOS observations allows us to refine our knowledge of their mean motions and semimajor axes, and to decrease the errors associated with these measurements. In addition, we confirm a mismatch between the mean semimajor axis of the ring arcs and the location of the 42 : 43 corotation inclined resonance due to Galatea. This result calls into question the ability of this resonance to confine the arcs azimuthally.
INTRODUCTION
The inner system of Neptune was imaged for the first time in 1989 by Voyager (Smith et al. 1989) . The images collected during the flyby revealed a system of small moons and rings displaying a low albedo at visible wavelengths (Thomas & Veverka 1991) . Prior to the Voyager encounter, observers had reported a system of incomplete arcs from stellar occultation events (Hubbard et al. 1986 ). Because of their small optical depth (Horn et al. 1990 ), the rings of Neptune could not be observed from Earth, and only the ring arcs, which orbit inside the Adams ring, are sufficiently dense (optical depth $10 times larger than the rings) to be detected from stellar occultation. Because the rings and small satellites of Neptune are faint (V mag $ 20-25) and orbit at only a few Neptunian radii (R N ) from the planet's center (2R N -5R N ), their detection from Earth's vicinity is particularly challenging. For this reason, only a few direct observations of the inner Neptunian system were carried out over the past decade: Proteus was first detected in the visible (Colas & Buil 1992) and then at K band from adaptive optics observations (Roddier et al. 1997) , while images of the small satellites Proteus, Larissa, Galatea, and Despina were obtained from space at visible wavelengths with the Hubble Space Telescope (HST) (Pascu et al. 1999) . Because of this limited data set, our study of the inner system of Neptune was, until recently, mostly based on the visible images collected by Voyager. The observational breakthrough came in the late '90s with the availability of sensitive near-infrared cameras and diffraction-limited telescopes that could return subarcsecond angular resolution (Dumas et al. 1999; Sicardy et al. 1999) . The near-infrared range is particularly well suited to study of Neptune's inner system, since it allows the observations to be carried out through the absorption bands of the gaseous methane present in the planet's atmosphere, which considerably decreases the scattered-light contamination and therefore returns higher contrast images of the satellites and rings. This wavelength range also provides a better investigation of the surface composition of these planetary bodies, since most of the ices, organics, and minerals have their low-overtone and combination absorption bands in this spectral region.
In many respects, the Uranian and Neptunian systems of rings and small moons are very similar. Both planets display a system of thin rings confined by resonance with small nearby satellites (diameters from 20 to 200 km) whose surfaces appear to be covered with dark ( p vis $ 0.06-0.07), possibly organics-rich material (Thomas, Weitz, & Veverka 1989; Thomas & Veverka 1991) . More recent observations of Uranus's inner moons by the HST Wide Field Planetary Camera 2 (WFPC2) (Karkoschka 1997 ) returned a revised visible albedo for the small moon Puck ( p vis $ 0.1) slightly higher than the Voyager estimate, but still within the typical range of albedos for small outer solar system bodies. The particularity of Neptune's system of rings lies within its dynamically stable ring arcs. After the discovery by Voyager of the inner satellite Galatea, orbiting interior to the ring arcs on a slightly inclined orbit (Owen, Vaughan, & Synnott 1991) , and based on the corotation model developed by Goldreich, Tremaine, & Borderies (1986) , Porco (1991) The Astronomical Journal, 123:1776 -1783 , 2002 March # 2002 . The American Astronomical Society. All rights reserved. Printed in U.S.A.
showed that Galatea could create both the Lindblad resonance and corotation inclined resonance (CIR) that could respectively confine the arcs radially and azimuthally. Because of uncertainty as to which specific arcs occulted the background stars during the stellar occultation events observed in 1984 and later (Hubbard et al. 1986 ), two solutions for the ring arcs' mean motion were obtained by Nicholson, Mosqueira, & Matthews (1995) , but only one of these solutions was generally considered because it positioned the ring arcs closer to the center of the CIR than the other.
Here we report photometric and astrometric measurements obtained from a complete analysis of the observations of Neptune carried out with HST and its Near Infrared Camera and Multi-Object Spectrometer (NICMOS) on 1998 October 20 and 22. These new measurements take into account the small difference in pixel scale along the vertical and horizontal axes of the camera and confirm, without ambiguity, the mismatch between the position of the ring arcs and the location of the 42 : 43 CIR with Galatea (Dumas et al. 1999; Sicardy et al. 1999 ).
OBSERVATIONS
NICMOS has three 256 Â 256 low-noise HgCdTe detectors sensitive in the 0.8-2.5 lm range (Thompson et al. 1998) . We used NICMOS camera 2 (NIC2; 19>46 Â 19>28 field of view) to image the Neptunian system of small moons and ring arcs on 1998 October 20 and 22 (HST guaranteed time observer [GTO] program 7244). For these dates, Neptune's phase and ring opening angles were 1=9 and À27 , respectively. The NIC2 F187W filter (central wavelength 1.8722 lm, FWHM = 0.2436 lm) was employed to aid in the rejection of background light. The filter bandpass corresponds to a strong absorption in the spectrum of methane, a major constituent in Neptune's atmosphere. The resolution obtained with NIC2 is 3=2 per resolution element (1=6 pixel À1 ) at the distance of the ring arcs, which corresponds to an angular resolution of 3500 km along the Adams ring (in which the arcs are embedded). During each visit, the images were acquired while Neptune's disk (2>36 diameter) was entirely on the detector, its center positioned at about 7 00 from the X-edge of the detector, and a dithering pattern (11 positions, 1>246 steps) along the Y-axis of the detector was employed to record 11 exposures of 208 s each (MULTIACCUM mode, STEP16, NSAMP = 19) . This configuration allowed us to generate, for each date, a synthetic image of the distribution of Neptune's scattered light (see x 3 below). Such relatively short exposures of Neptune's inner region were required in order to prevent the small moons and ring arcs from being smeared in a single image as a result of their own orbital motion (Proteus's and Despina's orbital motions during a single 45 minute HST visit are respectively 10 and 33 ). The detection of the ring arcs was secured by scheduling the observations near maximum of elongation (beginning of sequence at 1229 UT and 1742 UT for October 20 and 22, respectively).
DATA REDUCTION
We used the calibrated images delivered by the STScI pipeline; the only modifications made on the CALNICAprocessed frames were to correct them for (1) the bias differences between the four camera quadrants (this task was done prior to applying the flat field) and (2) the remaining bad pixels. We then resampled all the images by a factor of 2 onto a finer grid and co-registered them using bicubic convolution interpolation (Park & Schowengerdt 1983) in order to obtain a cube of images centered on Neptune. The small difference in pixel scale along the horizontal and vertical axes of the detector was taken into account (0>0760 pixel À1 in X, 0>0753 pixel À1 in Y ), and a precision of 0.02 pixels ($1.5 mas) was achieved during the co-registration process by minimizing the difference in the diffraction pattern of Neptune in adjacent images. The immediate benefit of these manipulations was to improve the final spatial resolution of our images so that the measurement error of the arcs' position along the Adams ring was reduced to AE1 . In order to obtain a model of the planet's scattered light, we first masked the contribution of the satellites and estimated the flux distribution in the masked regions using a smooth surface fitting interpolation (Akima 1978) . For each date, a model of Neptune's scattered light was created so that each pixel value corresponded to the median across the 11 recentered images. The models were then subtracted from the images in order to (1) recover a background level close to zero at the distance of the arcs from Neptune's center and (2) eliminate stray light produced by the secondarymirror support structure. This step was crucial because, as a result of strong constraints on the orientation of HST, it was not possible to position the diffraction spikes away from the point of maximum elongation of the arcs, forcing them to cross an area of high background during the two HST visits. Figure 1 shows the satellites Proteus, Larissa, and Galatea as imaged by NICMOS on 1998 October 22, after removing the scattered light produced by Neptune. The physical center point of the Neptunian system was determined for each date by fitting the orbital motion of the inner moons and using the satellite pole solutions derived by Owen et al. (1991) . In the case of the ring arcs, the flux from the brightest arcs, Egalité and Fraternité (0.065 lJy pixel À1 ), was just above the noise level in the individual images. A higher contrast ( 
Satellites
The revised mean motion and semimajor axes of Neptune's inner satellites Proteus, Larissa, Galatea, and Despina are reported in Table 1 . Most of the satellites were found at positions a few degrees ahead of their predicted orbital locations, except for Despina, which was found $4 behind. In any case, the offsets are, for all satellites, within the error of the predictions made from the Voyager measurements (Owen et al. 1991) , and the revised values of the satellites' mean motions differ only by less than 0=002 day À1 from the 1989 determinations. Similar results on the astrometry of the inner satellites of Neptune have been reported from a preliminary analysis of HST WFPC2 images by Pascu et al. (1999) . Table 2 lists the 1.87 lm photometric measurements made for each of Neptune's satellites detected by NICMOS (Proteus, Larissa, Galatea, and Despina). A 5 Â 5 pixel photometric aperture was used to encircle the energy of all the satellites except Proteus (11 Â 11 square), which is $10 times brighter than Larissa and Galatea in our images. We then generated a synthetic F187W NIC2 point-spread function using Tiny Tim (Krist & Hook 1997) to estimate the amount of flux neglected by the use of small apertures and corrected our measurements accordingly. The innermost moons, Thalassa and Naiad, could not be detected because of their small size (estimated diameters of 40 and 29 km, respectively; Thomas & Veverka 1991) and small semimajor axes (a $ 2R N ). We used the solar flux given by Labs & Neckel (1968) and satellite radii determined from the Voyager data (Thomas & Veverka 1991) to derive the geometric albedo of the small Neptunian moons. Our images lead to 1.87 lm magnitudes ranging from $18.3 (Proteus) to $21.1 (Despina). No correction to zero phase angle has been made to the NICMOS measurements, because the phase coefficient of the satellites' surfaces is not known at nearinfrared wavelengths, and also because our observations were obtained at low phase angle, so this correction would be negligible. We note that the error on Galatea's albedo is too large to derive a meaningful color of this object. The larger dispersion of Galatea's photometric points might be Note.-Numbers in italics refer to measurements from the Voyager era: Owen et al. 1991 for the satellites, and Nicholson et al. 1995 for the ring arcs.
a The D long. measurements refer to the longitude offset with respect to the predicted orbital positions of the satellites. The numbers in parentheses are the integrated uncertainties of the Voyager ephemerides.
b The offset in orbital position of the ring arcs is measured with respect to the predicted position of the middle of the arc Egalité using n = 820=1118 day À1 (solution 2) for the ring arcs' mean motion .
c The number in parentheses corresponds to solution 2 (n 2 = 820=1118 day À1 ) for the arcs' mean motion, whereas solution 1 (n 1 = 820=1194 day À1 ) was preferred prior to the 1998 observations. Solution 1 corresponds to a mean semimajor axis a 1 = 62,932.33 km, and solution 2 to a 2 = 62,932.72 km (see x 4.3 and Dumas et al. 1999 for additional discussion). due both to the uncertainties in the determination of the background level at this small angular distance from Neptune and to possible variations of the apparent cross section and local albedo of Galatea for the two different orbital positions observed with NICMOS. Figure 3 is a compilation of the photometric data set obtained to date on Neptune's inner satellites (including the ring arcs, which will be discussed in x 4.3). At visible wavelengths, the satellites and ring arcs display similar albedos, all being distributed around p $ 0.06 (Thomas & Veverka 1991) . The albedo distribution is slightly more dispersed at 1.87 lm, with values ranging from p = 0.058 AE 0.036 (Despina) to p = 0.094 AE 0.011 (Proteus), although we can conclude that, within the error of our measurements, the ring arcs and all the satellites have a red-to-neutral color. This color trend is typical of the colors for the dark asteroids (Dumas, Owen, & Barucci 1998) and indicates that their surfaces might be covered with dark, '' primitive '' material (see x 4.2). An additional ground-based measurement of Proteus's geometric albedo at 2.2 lm ( p K = 0.058 AE 0.016) obtained with adaptive optics at the Canada-France-Hawaii Telescope (CFHT) (Roddier et al. 1997 ) is also plotted in Figure 3 . Analysis of the rotation of the surface features found on Proteus by Voyager (Thomas & Veverka 1991) supports a synchronous rotation of the satellite around Neptune, and we determined that the sub-Earth longitude of Proteus (180 ) . Therefore, any wavelength variation of Proteus's albedo between these two independent observations should be due to the nature of the chemical compounds present on the surface, rather than changes in the apparent diameter or local albedo distribution of the satellite.
Proteus
The chemical nature of the species responsible for both the red slope of Proteus's albedo displayed at shorter wavelengths and the drop in reflectance beyond 2.0 lm cannot be assessed from the crude spectrophotometric study (three independent measurements in the 0.5-2.5 lm range) presented in this paper. Nevertheless, recent analysis of additional near-infrared photometric observations of Proteus (HST/NICMOS GTO program 7182) confirms the spectral behavior of Proteus's surface (Dumas et al. 2001) , justifying a preliminary attempt to identify the possible chemical compound or compounds responsible. Because water ice covers the surface of most of the satellites of the outer planets, it is also expected to be present on, or near, the surface of the inner moons of Neptune. Unfortunately, the NICMOS F187W and ground-based K-band filters cannot be used to efficiently test for the presence of surface water ice, since their bandpasses cover spectral regions that are both inside and outside the absorption bands of water. Also, it is important to note that the reddish slope displayed by Proteus (and the other inner moons of Neptune in general) between visible and near-infrared wavelengths cannot simply be produced by water ice, the reflectance spectrum of which is blue at these wavelengths, but is more likely to be the result of energetic processing of the material originally present on the surface. UV photolysis or energetic-particle bombardment of a mixture of water with carbon-rich and nitrogenrich compounds can produce complex organic material (Sagan & Khare 1979) , and this process might be responsible for the red-to-neutral spectral slope and low surface albedo of the primitive objects that populate the outer (Dumas et al. 1999 ). The image has been reprojected as an observer would look at the arcs from the southern ring-plane normal. The color has been scaled so that the brightest arc has a value of unity. a Inverse sensitivity = 3.819 Â 10 À6 Jy s ADU À1 . b F187W zero-magnitude point = 828 Jy (uncertainty of AE1%). c The geometric albedos are derived using the radii of Neptune's satellites measured by Voyager: R Proteus = 208 AE 5 km; R Larissa = 96 AE 7 km; R Galatea = 79 AE 12 km; R Despina = 74 AE 10 km (Thomas & Veverka 1991) .
d Albedo values (Thomas & Veverka 1991) for the Voyager '' clear '' filter ( eff = 0.48 lm ; FWHM = 0.19 lm).
e For the ring arcs, we refer to the total integrated flux and its corresponding magnitude at 1.87 lm.
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regions of the solar system. Both the low albedo and the reddish spectral slope of Neptune's inner moons are consistent with the possible presence of organic-rich material on the surface, and material bearing either C"H or C‰N could create the albedo drop measured beyond 2.0 lm for Proteus. In any case, additional spectrophotometric data on Neptune's inner satellites need to be collected using a combination of high angular resolution and near-infrared spectrophotometry to ascertain the nature of the chemical compounds on their surfaces. We note that the high-contrast, diffraction-limited photometric measurements of Proteus obtained with NICMOS disagree with seeing-limited observations obtained with the coronagraph '' CoCo '' at the NASA Infrared Telescope Facility. Trilling & Brown (2000) reported surprisingly low J-and H-band albedo values for Proteus ( p J $ 0.026 AE 0.005, p H $ 0.028 AE 0.006) when compared with the data shown in Figure 3 . Although the CoCo data (longitude 95 for 1999 September 8, 0903 UT; MJD = 51,429.37708) were obtained while Proteus was located $120 away from the orbital position corresponding to the NICMOS images, the nearly homogenous distribution of surface albedo and nearly regular shape of Proteus measured by Voyager (Thomas & Veverka 1991) appear incompatible with the albedo discrepancy reported between the NICMOS and CoCo observations. In addition, the low CoCo albedos are difficult to conciliate with the 6% albedo reported by Voyager at 0.5 lm. Instead, we suggest that the CoCo photometric measurements could suffer from a poor estimation of the scattered light produced by the planet, in particular at the J and H bands, where Neptune's scattered light is very strong, or from inaccuracy in the absolute photometric calibration. This statement appears to be supported by the similar discrepancy found between the CoCo J-and H-band albedos derived for the Uranian satellites Puck, Portia, and Rosalind and the measurements obtained by Karkoschka (2001) using WFPC2 and NICMOS on HST.
Ring Arcs
The data reduction process described earlier led to the rediscovery of the four ring arcs of Neptune, which are shown in Figure 2 reprojected as seen by an observer normal to the ring plane. Following the practice employed in earlier studies of Neptune's rings (Smith et al. 1989; Porco et al. 1995) , we define E i () = l Ð I()/F()dr as the equivalent width, where I() is the observed flux reflected from the arcs, F() is the incident solar flux, is the effective wavelength, and l is the cosine of the emission angle with respect to the ring-plane normal. In the optically thin case, which includes all of the ring arcs, we can express the equivalent width as
dr, where $() is the single-scattering albedo, P() is the phase function, is the phase angle, and is the optical depth of small and large particles (although in backscattered light, the brightness of the ring is primarily determined by the large particles). If we assume that the optical depth of Egalité has remained unchanged since 1989, and if we neglect the correction to zero phase angle ( obs $ 1=9), then the equivalent width seen by NICMOS, E i $ 78 AE 12 m, implies a ring-arc geometric albedo p 1.87 lm = 0.083 AE 0.012, which needs to be compared with the visible geometric albedo obtained from Voyager ( p 0.5 lm = 0.055 AE 0.004; Porco et al. 1995) . We note Lane et al. 1989 ) and at K band ( p K = 0.058 AE 0.016) from the ground (Roddier et al. 1997 ) are also reported. The near-infrared observations carried out with NICMOS show that the reddish color of the ring arcs is identical to the average color displayed by the small satellites, suggesting a similar composition. Although a higher spectral resolution is required to obtain a meaningful compositional diagnostic of Proteus's surface, material bearing C"H or C‰N could produce the drop in albedo beyond 2.0 lm. Note that to improve the clarity of the figure, the 1.87 lm measurements of Larissa, Galatea, Despina, and the ring arcs have been separately duplicated with their error bars on the right side of the figure. that our revised value for the arcs' albedo is slightly larger than that reported earlier by Dumas et al. (1999) , since it now reflects a photometric correction made to the NICMOS measurements to take into account the small apertures used in the photometric analysis. The total integrated flux for all of the arcs is 4.66 AE 0.71 lJy, which corresponds to a nearinfrared magnitude m 1.87 lm = 20.6 AE 0.2 (Table 2) .
Our reanalysis of the astrometry of the satellites and ring arcs (Table 1) confirms the previous results reported by Dumas et al. (1999) and Sicardy et al. (1999) , which showed that the mean semimajor axis of the ring arcs is not located precisely at the 42 : 43 corotation inclined resonance with Galatea. As mentioned in x 1, two possible solutions, n 1 (820=1194 AE 0=006 day À1 ) and n 2 (820=1118 AE 0=006 day À1 ), for the ring arcs' mean motion were derived by combining the Voyager and stellar occultation data . The corresponding mean semimajor axes for the ring arcs are a 1 = 62932.33 km and a 2 = 62932.72 km, respectively. Until recently, solution n 1 for the ring arcs' mean motion was preferred because it positioned the ring arcs closer to the center of the CIR than did solution n 2 (160 m away for n 1 , 230 m for n 2 ). Thanks to the $9 yr time lag between the Voyager and NICMOS observations, the difference between the two possible solutions n 1 and n 2 translated into a $25 mismatch for the ring arcs' orbital location. Using the middle of Egalité as fiducial, we measured the location of the ring arcs in our images and derived a longitude of 354
for Egalité for the date corresponding to the first NICMOS exposure (1998 October 20 at 1229 UT), which corresponds to an arc location $23=5 behind the position predicted for solution n 1 (only 1=5 ahead of the position corresponding to solution n 2 ). The revised value for the arcs' mean motion is therefore n arcs = 820=1122 AE 0=003 day À1 (Table 1) . From the CIR model described by Goldreich et al. (1986) , the 42 : 43 CIR with Galatea could create 86 (2m C with m C = 43, the wavenumber associated with the CIR) equally spaced libration sites around Neptune, each of them being potentially capable of azimuthally confining the dust within the Adams ring to form a stable arc. The relation between the mean motion of Galatea n G and the CIR mean motion n C is expressed as
where _ is Galatea's nodal precession rate. For large values of m C , each corotation resonance is located near a Lindblad resonance (LR) produced by the same satellite, and the relation between the mean motion of Galatea and the LR mean motion n L is
where _ ! ! is the arc's apsidal precession rate and m L is the LR wavenumber (which must differ from the corotation wavenumber by AE1; in the present case, the best match is obtained for m L = 42). Using the NICMOS determination of n G (839=6615 AE 0=004 day À1 ) from Table 1 , and the values of _ = À0=714836 day À1 and _ ! ! = 0=6772 day À1 calculated by Owen et al. (1991) , we obtain new determinations for n C and n L : n C = 820=1179 AE 0=004 day À1 and n L = 820=1502 AE 0=004 day À1 . The mean motion of a particle orbiting around Neptune is related to its mean semimajor axis and, if we omit the terms involving the eccentricity and the inclination of the particle (which are both negligible), is expressed as
where R N is Neptune's equatorial radius, M N is Neptune's mass, and J 2 and J 4 are respectively the planet's second and fourth zonal gravity coefficients (Owen et al. 1991) . The determination of the roots of the above equation for the CIR and LR yields a C = 62,932.41 AE 0.03 km and a L = 62,930.76 AE 0.03 km, respectively. Similarly, the revised value for the arc mean motion (820=1122 AE 0.003 day À1 ) corresponds to a mean semimajor axis a arcs = 62,932.70 AE 0.03 km. These measurements result in a mismatch Da C = 290 AE 60 m between the position of the ring arcs and the CIR site, which can be compared with the 250 m half-width of the CIR (Foryta & Sicardy 1996) . The new NICMOS astrometric measurements of Galatea and the ring arcs' mean motions show that the arcs are located at the edge of the CIR site, farther from the center of the resonance site than inferred from earlier estimations (Da C = 80 AE 60 m if we adopt the previously preferred solution, n 1 = 820=1194 day À1 , and our revised value for Galatea's mean motion). This calculation confirms both the results based on the analysis of the 1998 October NICMOS data and reported by Dumas et al. (1999) , and the results obtained by Sicardy et al. (1999) from adaptive optics observations; that is, while the LR still appears to be responsible for the radial confinement of the ring arcs, as concluded by Porco (1991) from analysis of Voyager data, the mismatch between the location of the ring arcs and the center of the CIR suggests that the azimuthal confinement of the arcs cannot be attributed only to the CIR. Other mechanisms have to be counted to explain the azimuthal confinement of the arcs, and alternate models, possibly involving several moonlets co-orbiting with the arcs (Lissauer 1985) , should be considered. Namouni & Porco (2001) reported that the 43 : 42 eccentric corotation resonance with Galatea was stronger than the CIR if the arcs were considered to have a small fraction of Galatea's mass. The position of this new resonance would then coincide with the revised NICMOS semimajor axis of the arcs. Figure 4 represents a comparison between the NICMOS photometric profile of the ring arcs in backscattered light and the Voyager profile in forward-scattered light (Porco et al. 1995) , after precessing both data sets to epoch 2000 January 1.5 using our revised ring-arc mean motion. This comparison is justified if we consider that Voyager reported similar brightness ratios among the three widest arcs at high (forward scattering) and low (backscattering) phase angles. In addition to the position corresponding to mean motion n = 820=1122 day À1 (thick solid line), we have also represented a slightly different solution for the ring arcs (thick dashed line) that was obtained after shifting the previous solution until the highest correlation between the Voyager and NICMOS profiles was obtained (the shift of À2=3 is of the same order as the error made in measuring the position of the ring arcs). This new solution corresponds to an arc mean motion of n = 820=1116 day À1 (a arcs = 62,932.73 AE 0.03 km), which positions the arcs 320 AE 60 m away from the center of the CIR. Both solutions for the mean motion agree with solution n 2 (820=1118 day À1 ) determined by Nicholson et al. (1995) , and the difference in the revised value of n is mainly due to the difficulty in determining precisely the cen-
NEPTUNE'S INNER SATELLITESter of the arc Egalité (Fig. 4 shows that Egalité has become slightly wider since 1989). Also, the ring-arc material displays a reddish color between visible and near-infrared wavelengths, and if we scale both profiles to match the intensity of the trailing arc Fraternité, we note that Liberté has decreased in intensity. If we assume a revised mean motion of n = 820=1122 day À1 , then the positions of Fraternité and Egalité are matched between the two dates, but not the gap between Liberté and the two trailing arcs. Liberté seems to be the only arc whose relative position has changed since 1989, and these changes in morphology and brightness could be the result of transfer of material from Liberté toward Egalité. On the contrary, the solution n = 820=1116 day À1 better matches the position of Liberté and the gap between leading and trailing arcs, but Egalité and Fraternité appear slightly displaced toward the trailing with respect to their position in 1989.
CONCLUSION
The data presented here provide an excellent illustration of the high performance obtained with HST and NICMOS for near-infrared observations of small and faint objects of the outer solar system. Additional observations of the Neptunian system at higher spectral resolution are needed to study in more detail the surface composition of the inner moons and ring arcs of Neptune. Higher spatial resolution can also be achieved on large ground-based telescopes equipped with adaptive optics systems and should be used to study the distribution of the material within the arcs. Such programs will return important insights about the dynamical processes involved in maintaining their confinement.
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